Essential oils obtained from flowers, leaves and stems of Origanum vulgare L. ssp. viride (Boiss.) Hayek., growing wild in Ardabil Province (north-west Iran), were analyzed by GC and GC/MS. β-Caryophyllene was the major constituent in all three oils (48.1%, 50.1% and 60.2%, respectively). Of the 19 components detected in the flower oil, comprising 96.3% of the total, the major components were 1,8-cineole (11.6%), α-pinene (6.9%), and γ-cadinene (4.8%). 1-Octen-3-ol (23.8%), and 1,8-cineole (8.5%) predominated in the leaf oil. In the stem oil, other main constituents were bicyclogermacrene (9.8%), 1,8-cineole (6.4%), borneol (5.1%), and pinocarvone (4.4%). The essential oils were evaluated for their antibacterial activity against 10 selected microorganisms. The data obtained contribute to the future use of certain essential oils as natural preservatives for food products, due to their safety and positive effect on shelf life.
The genus Origanum (family: Lamiaceae) is represented in the flora of Iran by one species with 3 subspecies: O. vulgare L. ssp. gracile; O. vulgare L. ssp. viride, and O. vulgare L. ssp. vulgare [1a] . O. vulgare ssp. viride is an aromatic, herbaceous, and perennial plant growing wild in the north-west of Iran. In folk medicine, Origanum species are used as powerful disinfectants, flavoring agents, in perfumes and in scenting soaps [1b-1d] . The essential oils and the constituents of many Origanum species have been studied [1e-1g, 2a-2c] . Thymol and carvacrol represent the major constituents of the essential oils of Origanum species [3] .
The oil of O. vulgare ssp. viride aerial parts from Iran was reported to contain, as its major constituents, linalyl acetate, sabinene, -terpinene, trans-ocimene, and cisocimene [2c], whereas the essential oil from plants growing wild in the Vilnius district of Lithuania was characterized by higher amounts of β-ocimene, germacrene-D, β-caryophyllene, and sabinene [4a] . To the best of our knowledge, this is the first report of the flower, leaf, and stem oils of O. vulgare ssp. viride from Iran and their antibacterial activities.
About 96.3% (19 components) of the flower oil, 92.8% (11 components) of the leaf oil, and 95.2% (12 components) of the stem oil were identified. The flower oil consisted mainly of two monoterpene hydrocarbons (7.7%), nine oxygenated monoterpenes (25.6%), three sesquiterpene hydrocarbons (53.6%), three oxygenated sesquiterpenes (6.9%), and two other compounds (<3 %). This oil was characterized by the presence of β-caryophyllene (48.1%), 1,8-cineole (11.6%), α-pinene (6.9%), and γ-cadinene (4.8%). The leaf essential oil contained three main compounds (82.4%), characterized as β-caryophyllene (50.1%), 1-octen-3-ol (23.8%), and 1,8-cineole (8.5%), followed by thujopsene (3.2%) and borneol (2.1%). β-Caryophyllene (60.2%), bicyclogermacrene (9.8%), 1,8-cineol (6.4%), and borneol (5.1%) were the major constituents of the stem oil, followed by pinocarvone (4.4%) and 5-methylfurfural (2.9%).
As can be seen in Table 1 Distillation: Plant materials were air-dried in the shade prior to isolation of their oils. Flowers (90 g), leaves (150 g), and stems (180 g) were subjected, separately, to 3 h of hydrodistillation in a Clevenger-type apparatus. The resulting oils (yield: 1.3%, 1.1%, and 0.9%, w/w, respectively) were dried over anhydrous sodium sulfate and immediately placed in a dark glass tube, sealed and stored at 2°C.
GC and GC/MS analysis:
GC and GC/MS analyses were performed as reported earlier [4b] . Identification of the constituents of the oils was made by comparison of their MS and retention indices with those given in the literature and of authentic samples [4c] . Relative percentage amounts were calculated from peak areas using a Shimadzu C-R4A chromatopac, without the use of correction factors.
Antibacterial screening:
The disc diffusion method, as reported earlier [4b], was employed for the determination of antibacterial activities.
